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Upper extremity disability in workers with handarm vibration syndrome Background Hand-arm vibration syndrome (HAVS) is a common occupational problem and it is important to understand the disability associated with this condition.
Aims
To measure upper extremity disability using the disabilities of the arm, shoulder and hand (DASH) questionnaire in workers with HAVS and to determine how this disability is affected by the vascular and neurological components of HAVS and other factors, in particular musculoskeletal variables.
Methods
Subjects were recruited from HAVS patients assessed at St Michael's Hospital, Toronto, Canada, over a 2-year period. All participants were assessed by an occupational medicine specialist to determine the specific components of HAVS and musculoskeletal variables including upper extremity pain score measured by the Borg scale. The DASH questionnaire was completed on the same day as the clinical assessment and before any feedback had been given about the clinical findings.
Results
A total of 141 workers with HAVS were recruited and 139 agreed to participate in the study. This study group had a statistically significantly higher mean DASH score than the US population (P , 0.001).
The multiple linear regression analysis indicated that upper extremity pain score (P , 0.001), the Stockholm sensorineural scale (P , 0.01) and the number of fingers blanching (P , 0.05) had a statistically significant association with an increase in the DASH score. The highest partial R 2 value was for the upper extremity pain score.
Introduction
Occupational exposure to hand-arm vibration is common [1] and many exposed workers may develop hand-arm vibration syndrome (HAVS) [2, 3] . Consequently, it is important to understand the effect of HAVS on upper extremity disability.
The general term HAVS is used to describe the overall spectrum of health effects associated with hand-arm vibration and includes vascular, neurological and musculoskeletal effects [4] [5] [6] . The main vascular effect is Raynaud's phenomenon [7] and the neurological component is related to nerve damage in the fingers and hands [8] . Impairment scales (the Stockholm scales) have been developed for the neurological [8] and vascular [9] effects. The musculoskeletal component of HAVS is less well described, and it is difficult to sort out the relative contribution of vibration and ergonomic factors in the causation of these musculoskeletal problems [10, 11] . Several studies have described an association between hand-arm vibration exposure and pain at various sites in the upper extremities and neck [12] [13] [14] , and Griffin and Bovenzi [5] have indicated recently that upper extremity pain is the most common symptom of musculoskeletal disorders caused by work with vibratory tools.
Impairment refers to a physical or mental defect of function or structure in a body system or organ whereas disability refers to a reduction in the capacity to perform usual activities [15] . The disabilities of the arm, shoulder and hand (DASH) questionnaire was developed as a disability outcome measure in patients with upper extremity problems [16] . This questionnaire measures disability from disorders affecting any part of the upper limb [17] and is relevant to HAVS which may affect the entire upper extremity. There is good content validity, construct validity and reliability of the DASH questionnaire as well as responsiveness to change [18] , and it therefore appears to be a useful instrument for the assessment of the disability associated with HAVS.
There have been few studies of disability and/or quality of life in workers with HAVS [19] [20] [21] [22] [23] . These have mainly focused on specific activities of daily living such as handwriting, buttoning clothes or gardening, as well as some work-related activities such as handling manual tools and lifting. Only three studies have previously reported the results of investigation of the DASH questionnaire in workers with HAVS [24] [25] [26] .
Therefore, there is a need for further investigation of the upper extremity disability associated with HAVS. We report the results of a study using the DASH questionnaire for this purpose.
Methods
The specific objectives of the study were as follows: (i) to measure upper extremity disability in workers with HAVS using the DASH questionnaire and to determine if this disability was higher than the US population average value [27] and (ii) to determine the main predictors of this upper extremity disability related to the use of vibrating tools, in particular the effect of variables associated with the vascular and sensorineural components of HAVS as well as upper extremity pain as an indicator of the musculoskeletal problems associated with vibratory tool use.
All the participants had been referred to the occupational health clinic at St Michael's Hospital for assessment of HAVS because of their concerns about symptoms related to HAVS, and 78% of the participants had filed a compensation claim prior to the assessment. This clinic is the only specialist occupational medicine clinic in Ontario and receives referrals from the entire province. The participants were all assessed by an occupational physician who made the diagnosis of HAVS based on the exposure history, presenting vascular and neurological findings, the evaluation of other possible causative factors and confirmatory tests including thermometry and plethysmography for the vascular component and nerve conduction testing, Purdue Pegboard and current perception threshold measurement for the neurological component. The current perception threshold test is the quantitative sensory test used in this clinic instead of the vibration perception threshold and temperature perception threshold tests.
A total of 141 subjects were identified to have HAVS over a 2-year period but two declined to participate resulting in a final sample size of 139 (99% participation rate). The participants came from a variety of industries with miners being the most prevalent job category (26%) followed by various types of jobs in the construction and automotive sectors.
A standardized clinical assessment was used which included a work history, a medical history to investigate HAVS symptoms as well as other co-morbid conditions and a physical examination. The results of the clinical assessment were used to determine the Stockholm scales for the neurological [8] and vascular [9] components. In the Stockholm sensorineural scale, sensory abnormalities on examination occur in stages 2 and 3 and these stages are difficult to distinguish clinically. Therefore, these stages were combined, an approach that has been used previously [28] . As well, during the assessment, the examining physician evaluated musculoskeletal abnormalities in the upper extremity in a standardized fashion. This included an assessment of upper extremity pain on a scale of 0-10 using the Borg scale [29] . This was done separately for the fingers, hands, wrists, forearms, elbows, shoulders and neck and an overall mean value was calculated. Immediately prior to these measurements, the Borg scale was discussed with the participants and they were shown a written summary of the scale to standardize the scoring process.
The DASH questionnaire was completed by each participant on the same day as the clinical assessment but before receiving feedback about the specific HAVS components present, their severity and the presence of other abnormalities found in the clinical assessment. This is a 30-item questionnaire which measures disability in the previous week. The possible scores range from 0 to 100, with 0 indicating no disability and 100 severe disability [16] . The DASH questionnaire does not specify handedness and problems in either hand might lead to work-related difficulties. Therefore, for those independent variables that were measured in both hands, the results for the worse hand were used in the analysis. This was similar to the approach use by previous investigators [24, 25] .
The analysis was carried out using SAS version 8.0 [30] . Initially, normal probability plots were carried out for the DASH scores and the assumption of a normal distribution was tested using the Shapiro-Wilk statistic before proceeding with the rest of the analyses. The Student's t-test was used to compare the mean DASH score in this study group with the US population mean described by Hunsaker et al. [27] . Spearman rank correlations were used to examine the correlations between the overall and site-specific pain scores and the DASH scores. The main analysis of the association between the DASHdependent variable and the various independent variables was done using regression analysis. Variables related to the vascular and neurological components of HAVS, as well as the upper extremity pain score for musculoskeletal problems associated with the use of vibratory tools, were considered to be the main predictor variables. The other variables, while helping to explain the factors associated with disability, were considered potential confounders of the main predictor variables. Initially, bivariate analysis was done using simple linear regression and those variables found to be statistically significant (P , 0.05) were included in multiple linear regression analysis. In regression analysis, any type of measurement scale (nominal, ordinal, interval) is allowable for the independent variables [31] . The multiple linear regression analysis was done using the PROC REG regression procedure with backwards elimination and a P value to stay in the model on each iteration of 0.10.
The study was reviewed and approved by the Research Ethics Board, of St Michael's Hospital, a tertiary care hospital affiliated with the University of Toronto. Signed informed consent was obtained for all study participants.
Results
As indicated in Table 1 , 134 of the 139 workers in the study were male. The average age (6standard deviation) was 48.1 6 10.7 years and the average duration of exposure to hand-arm vibration was 23.9 6 11.3 years. Additional descriptive information about the distribution of general, musculoskeletal and HAVS variables is summarized in Table 1 . The average overall pain score was 3.5 6 2.3. Results were also obtained for the pain scores at specific sites in the upper extremity. The average site-specific pain scores were highest in the fingers (5.6 6 3.0) and hands (4.9 6 3.3), and in general, decreased as one moved more proximally with the lowest scores being in the neck (2.0 6 3.2).
Normal probability plots for the DASH scores showed good approximation to the normal and the Shapiro-Wilk test did not reject the assumption of normality. Therefore, the DASH score was treated as a continuous variable in the regression analyses. In the study group, the average DASH score was 42.2 6 20.9, the median was 41.7 and the range was 2.5-87.5 ( Figure 1 ). This average DASH score was much higher than the US population mean value of 10.1 (95% confidence interval, 9.4-10.8) described by Hunsaker et al. [27] and the difference was statistically significant (P , 0.001).
All the variables described in Table 1 were evaluated in the bivariate regression analysis with the DASH score as the dependent variable. The results are summarized in Table 2 . The variables that were statistically significant (P , 0.05) were age, years of exposure, overall upper extremity pain score, years of blanching, number of fingers blanching and the Stockholm sensorineural scale. A one unit increase in the value of each of the statistically significant variables was associated with a higher DASH score. Table 2 also describes the R 2 value for each independent variable which refers to the proportion of the variance of the dependent variable explained by the independent variable. The highest R 2 value was obtained for the overall upper extremity pain score (0.310) and none of the R 2 values for the other variables exceeded 0.100. The correlations between the site-specific pain scores and the DASH scores were also investigated to provide a better understanding of how the location of pain was related to disability. Although the site-specific pain scores were higher more distally, the Spearman rank correlations of the site-specific pain scores with the DASH scores were highest for the elbows (0.43) and shoulders (0.46) and lowest for the fingers (0.27). The correlation of the overall pain score with the DASH score (0.55) was higher than the correlation of the pain score at any specific site with the DASH score.
In Table 3 , the results of the multiple linear regression analysis are given for only the overall upper extremity pain score, HAVS vascular and HAVS neurological variables to estimate the contribution to upper extremity disability of variables possibly related to HAVS. In this multivariate analysis, the statistically significant variables were found to be the overall upper extremity pain score, the Stockholm sensorineural scale and the number of fingers with blanching and the overall R 2 was 0.378. The partial R 2 values, which give an indication of the relative importance of the independent variables in the model, were highest for the pain score (0.311), followed by the Stockholm sensorineural scale (0.045) and the number of fingers with blanching (0.021). When all the independent variables were evaluated, age was the only other variable added to the model, with the original three variables remaining. The inclusion of age increased the R 2 value for the model by only a small amount to 0.426 which indicated that most of the variance in the DASH scores was due to variables related to HAVS. The partial R 2 values indicated that the overall upper extremity pain score remained by far the greatest predictor of the DASH score.
Discussion
This study has shown that workers with HAVS who seek assessment at a specialized occupational medicine clinic, often in association with a compensation claim, have high levels of upper extremity disability as measured by the DASH questionnaire in comparison to the US population. This helps us to understand the impact of HAVS on affected workers.
The multiple linear regression analysis in Table 3 indicated that variables related to both the HAVS neurological component (the Stockholm sensorineural scale) and the vascular component (the number of fingers blanching) were predictive of the DASH score. However, the partial R 2 values indicated that the effect of these variables on the DASH score was much less than that of the upper extremity pain score, the other variable included in the model. Upper extremity pain is the most common symptom of musculoskeletal disorders caused by work with vibratory tools [5] . Therefore, our findings suggested that musculoskeletal factors were making the largest contribution to upper extremity disability. These musculoskeletal problems might be related to vibration and/or ergonomic factors in the workplace [5, 10] . The correlations of the site-specific pain scores with the DASH score were highest for the elbow and shoulder. The vascular and neurological effects of HAVS occur principally in the hands and fingers [8, 9] , but low frequency vibration may be transmitted throughout the entire upper extremity and produce musculoskeletal symptoms in the elbows and shoulders [10] . Therefore, the site specificity of correlations is consistent with pain of musculoskeletal origin affecting upper extremity disability.
Our study had some important methodological strengths. There was a very high participation rate and the clinical assessments and the completion of the questionnaires to measure disability were done on the same day for each worker. A significant time interval might have introduced additional sources of variability and reduced the measured associations. Care was taken to ensure that the questionnaires were completed before the workers received feedback about their clinical assessments. The questionnaires were completed by the study participants in the clinic and reviewed by the study coordinator ensuring high completion rates and data quality. All the participants in this study were exposed to hand-arm vibration and had some aspect of HAVS, in particular the vascular and/or neurological component. It would have been helpful to have also had comparison groups of non-manual workers and manual workers not exposed to hand-arm vibration. As well, all the participants had been referred to our specialist occupational medicine clinic because of their HAVS symptoms and 78% had filed compensation claims. Therefore, their reported disability might have higher than the disability in workers with HAVS who had not sought similar medical attention.
There have been very few other published studies that have investigated the association between HAVS impairment and disability using the DASH questionnaire. A study in the UK found increased DASH scores in workers with HAVS in comparison to the US population mean value [24] . The Stockholm sensorineural scale but not the Stockholm vascular scale was found to be associated with increased DASH scores [25] . This was similar to our findings which demonstrated a greater contribution of the neurological than the vascular component to the DASH scores based on the partial R 2 values. Also, in a recently reported study of workers with HAVS, Poole and Mason [26] found that the Purdue Pegboard test and the measurement of grip strength, two tests related, in part, to musculoskeletal function, were statistically significant predictors of upper limb disability as measured by the DASH questionnaire. Our results indicating the importance of musculoskeletal factors are therefore consistent with the earlier findings of other investigators.
Our findings of site specificity of pain and its association with disability are similar to the findings of Palmer et al. [14] . They found that the prevalence ratio of pain in the past week in workers exposed to hand-arm vibration in comparison to non-exposed manual workers was highest in the hands-wrists and decreased as one moved more proximally to the elbows, shoulders and neck. In contrast, they found that the prevalence ratio for pain-preventing activity in the past year was highest at the elbow.
The minimal effect of vascular variables on the DASH scores should be interpreted with caution. Aside from a single question about gardening and yard work, the DASH questionnaire does not contain any items that might address hand function and disability during cold ambient conditions. Given the fact that the vascular effects of HAVS should be most bothersome in the cold, the low partial R 2 values for the vascular variable may reflect, in part, a lack of sensitivity of the DASH questionnaire to measure the disability associated with vascular outcomes. A recent large community survey by Palmer et al. [23] did find that Raynaud's phenomenon and vibration white finger were associated with difficulties in using the upper limb.
In summary, our study has shown that HAVS may be associated with significant upper extremity disability and musculoskeletal factors appear to make an important contribution to this disability. The musculoskeletal component of HAVS has received much less attention in the literature than the vascular and neurological components and it needs to be investigated in more detail. In particular, a better understanding is needed of the relationship between exposure to hand-arm vibration and ergonomic factors from the use of vibrating tools and the development of upper extremity musculoskeletal problems and disability. The regression parameters indicate the effect on the DASH score for an increase of one unit in the values of the independent variables as follows-upper extremity pain score: value of the pain scale (0-10); Stockholm sensorineural scale: level of the scale (0,1, $2); number of fingers blanching: number of fingers (0-10). NS, not significant.
Key points
• Workers with hand-arm vibration syndrome (HAVS) were found to have increased upper extremity disability compared to the general United States population.
• The sensorineural component of HAVS and, to a lesser extent, variables related to the vascular component of HAVS were found to be associated with increased disability.
• Upper extremity pain scores, likely related to musculoskeletal problems associated with the use of vibrating tools, were found to have the greatest effect on the disabilities of the arm, shoulder and hand (DASH) questionnaire scores.
